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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a gallium nitride 
semiconductor thick-film layer of high quality to be 
grown by a method, wherein a buffer layer formed of 
indium- containing gallium nitride semiconductor is 
deposited on a substrate of SiC or Si. 
SOLUTION: A semiconductor device 10 is formed 
through a manner where an In0.1Ga0.9N buffer layer 12 
and a gallium nitride semiconductor layer 13 are 
successively formed in this sequence on a 6H~SiC 
substrate 11. The buffer layer 12 has a function of 
relaxing stresses caused by a thermal expansion 
difference between the SiC substrate 1 1 and the gallium 
nitride semiconductor layer 13. A (0001) substrate is 
used as the SiC substrate 1 1 f and a gallium nitride 
semiconductor layer possessed of a (0001) plane on its 
surface is epitaxially grown thereon. It is preferable that 
the buffer layer 1 2 is formed of indium- containing 
gallium nitride semiconductor deposited as thick as a 
monoatomic layer or above, and the gallium nitride 

semiconductor layer 1 3 corresponds to various device components such as an LED or a laser. 
The buffer layer 12 relaxes stress caused by a thermal expansion coefficient difference to 
protect a substrate against warpage or cracking. 
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^&3 7rt*S i C*«3 1 «5aSfflUJBB!t$ft, £<b 
U, ni*7 v K)f2 3 0- gBd s f!tiJ£ftT, *<DUlh 

tBfrhs i c*«3 1 izw.znmiiHtft&vbfi, mm. 

9li, 0!lxJ£, TJK-^A (A 1 ) *?*9> (T i ) 

33tnSS i C£«3 1 t ***»U»»W-*ft«* 

[0 0 4 4] ^7 7 713 2 £l*i;*!>£-t*£#-ii#Jf 
li, !2 2i:|l8LTllir&L£&Ot|iWOl#j£fc1-&^t 

[0 0 4 5] ^llfflSWcfcV'T^ <OWJ**-£A,tl 
^•77t|3 2*IS:tt-5.-i:tcii5, «J?ri*3 m£jg 
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70 

■*-f, Aff«r#tt**i-4LED*flElS1-*ii:*«-Ci 
*«W*OKffee*C iftl^ 13«L 
E D ffa&lt 4 5 0 nm , 8° Ojtffi] 

Lfctt*, 2*>7 , 7<7)«j£*t#*Ct* s T-#7t:o -ft 

[ 0 0 4 6] ? <bU, *sfeifc0!lUiJt>TJ±, nffi!imffi3 
7 £ «fc *? $ft U JBSi-f * d t **T § * t v>7 Sjj* 1 1# -5, 
70 it ri f T? § £ o 

[0 0 4 7] (HJfcflM) ^(C ^HO* 4 0**01 

[0 0 4 8] m 4 *fkvwm4<r>$kmwi,z&z>mtt 

■fttioib, raSU^ L/c*^^? 4 014, nI(06H 
-S i C&&4 1 OJttc, I.nGaN/<77Tl4 2, 
naGaNd4 3. piGaNi4 4 **JS^«S Ztltz 

mmim-tZo $biz. si c^t£4 loxitaft 

g4 5, pIG aN€4 4 <7)±(Cpffli:g4 6^ -ttl 

20 -rftlSifbftTv^o ? r jf 4 2 Oilns 

li. I no.isG ao.B?Nt L> nIGaNH4 3^iS 
I3.&}2t*m, pSG aN!4 4 5yumi: 

[0 0 4 9] ***«»CJ: •)^#'bft7 v ^* 

#«^4 0t, HI lU*LfcJ:-9-fta*OJii*#*T- 
fct-tft-FWrtflSU *0**4*tt*fHiLfco 

tfmiblXh. i-f, »1 U, -I no.isG ao.8?N/<y 
7 7)14 2<D/<> K^'7 7U 6H-S i CtGaN 

xD^^^fD-t*«!l#*i--&-t* t #x.'bft-5>c *2 
y>K-7\ -t^fe*> K-e>nft$4v> I nG 
a Nli, 7Tit Lxm^biiX^^fzJ > Y— 

~7'<OG a x A 1 i-x N (O^xSl) t Jt«i" * t n ffl * 
40 ^Vrftfttfftv^fcjWttf <bft-i>« »3»C> InGa 
N<0Jftfi{i, G a»A li-xN (OSxSl) «0$Sf B {Cj:t 
-<T$f;*bd'^fc*^, S i C*^54 1 t G aNl4 3 

l^i-^>-t^tf<bft^o 

[0 0 5 0] ClCl-C, I nxG ai-iN^°;7 7i4 2<D 
4 >v9Allx li, 0<x ^ 1 <7)$EHT'iSS:^5e-t* 
^t* f tl, MSL<li0. l^x^O. 3, HUM 
4L<li0. Kx<0. 1 4 5& t ^v» 0 -J-OIitLt 
li, WTO 3 **#tf-i.-<h^T-|-5)o *T^1(^ 6 
50 H-SiCOIi£f?)/OK^t7 7'li3. 0 9eVT 
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GaNI43. 39eV, InHlil. 89eVT- 
i£oT, I n»Gai- 1 NA77Ti«'f>-/ l 5A 
x rt* 0< x < 0 . HOi^i:, 6H-S i CiG 

v ■> A x # vMi fc\ ?r;? RSit^Srt** £ 
gMf«L<44. *3i:ln»GaN»NM- 

I o o 5 i j 5 ) *«b«>* 5 aftt&ei 

i:ov>TKit4. ;o 

[0 0 5 2] 12 5 lis *|fe^<75» 5 O#?M0flU#£f£-fL 
**>J 7 A#iNH*L E DOtBfS^it^Si-ffiB&IH-e* 
2>o ISIllUC^LTtL ED 5 0(4, nI6H- 

S i C»|£5 1 O-tt-, InGaN^77l52, n 
22* 5 v Ym 5 3 , HifeS 5 4, pS^ 5 ? KJf 5 5 is 

i>o S i Cg«5 1 0«ITKn1Htttt5 7A«B 

j£$*U pl3>^? Vm 5 60±UliplimS5 8# 

[0 0 5 3] A7 7Tl5 2ntli, -T >->*7A£# 20 
A,1*B.it# x ) 7A#,#ig#£fflv>, 00x14, H(r»LfcJ: 
O £JttfcW®fit?JS;&Lfc I no.isG ao.«7N^t-r^> 
Ct* { -PH. nI?7-yKi53i5it>'PI^77K 
©5 514, -e-*L-P*l, ftfc&A**'J7i &S6:Jfc»6 5 4 
(C^ Ci*b-2>^*J^*-r^o nl?7 7 KJS 5 3 14, 91 
x.lfnIGaNiL pi? 9 ? K® 5 5 14, 00x14 p 
IAlGaNtf4:ti { fi4, 

[0 0 5 4] §£3fcJf5 4t4, ftA^iXft^t'JT^ 
-g-LT3§7fc££-f 41 00x147 > K-7V> I n 
GaNi, feiv^li, «OS5:4 2ii<OI nGaN 50 
©^^S^P^OSfc/clta^L^MQW (Mu 1 t i p 
le Quantum Well; ^fift^F) «jt 

[0 0 5 5] pl3>^ M15 614, pfflc01|S='> 
** h*««i-*7t*!)O^T-*l9, 0Oxl4paGaNif 

[0 0 5 6] ^ifeWlcfcv^Tt, 4 >v7A£-£^/c 
77152 =SrK»tT</»4^i4)(C, S i C&«5 1 O 
±tC 3 M m &*§X * 4 1 fc»JH#&£j£ft LT t if <7 "J 

[0 0 5 7] Sfc, **lfcffll*=*Jv»T»i, friEL^^zf 
Lfcn«i5 7 t pffl^5 8 t<OHt?SIi:l«t 

p moms t * < & , o -t 

^ * WPfrffci"* c t <i X 

$it^o 50 
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[0 0 5 8] **Jt«UJ:4L 
EDI4, %7tt:-^^ftl4 4 5 0 nmTNfc "K 8 " Ojg 

D t HS|EO$&3fc«SE*ff 4 - t tfT § fc e 
[0 0 5 9] (KJfc0l6) 16 14, ##g?IJ<7>&6 ^HM 

&4. raau^LTt^-^gi^e 014, s i 

&H6 1 <0±(C I no.3Gao.;NA777i62 1 g-fb 
** »J 7 A 6 3i f : mmx-im ?tLTv>4„ 
[0 0 6 0] i-T% S i £1K1 1 t LT(4, 00x14 
(1 1 1) ***JBv>4£-fc**TS*. (Ill) Si 
3fe«JtUli, (0 0 0 1 ) lE*&KU*-*-*fift 

7A&#g#®j&^xe*^>*;ui£iH-4. 

[0 0 6 1] ^JfeWcfcu-ffc, 7 rJf 6 2 t L 
T 14 , * > v 7 A * ^ /ia^fc if V 7 A £ ffl v » 
^it^iUv 1 , CWi7^^'-;77i62l±, Si 
%K6 1 t&W) 9AJM*«ttJ| 6 3 t OSfcJ^Sg^cO 
£Ui6H1-*l£-;& fc*U, ft^** 1 ; -7 A^ 5 # 

* f A-o^:»), ««#So/:.!)t4:t« , S:<, a. D »S« 

[0 0 6 2] i<7)J:^(c, 7716 2* f lD^3*^fD 
-f£3!£l4, ^77716 2^ >y'7ASrM, -5"0 

ti4„ -r^fc*>, s iis«6 i ti<k#')")A*fS# 
163 t<or B Tr*±-f4i&*^ r*t*»*v»j mmmwwn 

[0 0 6 3] I nxG ai-»N^7 77i620^>v7 
A^«;xl4, 0<xSlO«ffl-caS:*J6 , t4ii:5J c -C 
*l§^#<7)||^tc4n(4, A777II 2W'l'> 

v 7 a M«;* f iS ^mj f , j&ij om m^tfmm u ^ 4 <s 

|ft|3&*ja.*»*L*= 0 MOCVD («-tt&JK^^A#i£S) ft 

-5. 1 4* AftftjPtt L < 4 OT, ^* v 7 7 © K is tt 4 4 
>->'7AMxHT, x = 0-0. 3g)Sco|EHti- 

■;77i62 tLTffli'^fic.T.t, ? 7 7 ? 14 

iW) 1J*&*mitm6 3 £#4- i:* s T-#^-o tit, 
S i&«0»-&(4, «r«LfcS iC«««»'ft-ttt«t 
TlA#t^ < , g-fb^'J fiMW 6 3 \Zf <9 7 
^^it^fv^T-, />*7 7 7i6 2<7)4>->'7Ajiaj& 
x(4, 0. 2SxS0. 3<0fEfflt-r4C:i:* J $<b(:M 

* l>>o. 

[0 0 6 4] ^UttffijUiixlf, :<0i?t:S i *«± 
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c t a* r- £ z> fc 16 t , 36« «• tni-r * iffft 7* n -t * 

fttl/;t7 r-f 7&«£Jfc«LTS i««(±. x?^ 

g# v — if * (* c tb t -t z> m+ wmi- Z ®% i:« 

[0 0 6 5] *%^tcj:tilf, *Ett**i-4 S 

<> * *-t 4 * *sm- 4 £ t § * <t o 

[0 0 6 6] £ <bic, *»W»=J:HI^ S i &*LhUf2 

O^OWMHl Sr^JS-f & £ t ^-e § i, X i iz 4 i, 0 
[0 0 6 7] i fc, ic i *u±\ *n@o s i 
iua-ftsry -7 A*¥*ttX?- « £ t 4 
J:tI:^^ h^f6M^4£ tAf**. -fir 

[0 0 6 8] gf>C, JMMmcfcJilf, $«->'j3> 
T-#4 0 

[0 0 6 9] JfcU, H6»c^Lfci|t*flt*^-0»jt^ffi 

[0 0 7 0] t-r, Wx.lfM0CVDil<0S;SI»:S 
iM6 1 7Km***£»iELfc;4 f <b, g*£6 1 

i o orr-^i ofrffltmL, mR&mizm&Lz 

[0 0 7 1 ] £4£i&££&4 5 0X:* T*J%±PL, 

TMG, TMIv 7>^-7*iI»+'J7*'^-?*4 
*f *'^SrtLT, /<7 7t16 2 t LT I no.aG a 

[0072] #«c, m&&m* 1 i o ors-rjn^L, 

TMG, Ty^-TtiXZfftm** ') T ■ #*J*£?j£L 
t, Ifa4 A ,m(OGaN16 3 fcfifcfH^o 

[0 0 7 3] ftf£(C, aia*T'^iPLTH6 Cfl*Lfc¥ 
«^T-6 0£#4-I tri*T #&„ ^ffcBJ^li, _h^<7) 
JttKJ: "J^Mfe 0£i>WL, Jt«« i: L T H 1 
2 USLfca*0#*fls*?-<>KftsLT, W**fF«L 
fc 0 ^-OlSf, G a NJf (DftBC:*? 

T, #^0OU<fc4^igte5!H^6 0T-Ji, 

ssiLt^?'^ (its* <b nr, 4 mfLfi-i, ±¥ 

[0 0 7 4] 7 ) JfctC, 7 OttOM 
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[0 0 7 5] B7tt, *%w<7>%7 o v&amiztii&a. 

4 D 1" ISJUUtkL/cL ED 7 0 (±, Sil1S7 
1 <7)±(Z^ lnGaNA77rl72, n ffl n > ? ? h 
f 7 3 , Sfcjfclf 7 4 , pffi* 9 y KS 7 SiSi^pir 

»z, nSr>^ M7 3(0- SW'ISaiSftT nffiJISffi 
7 7* ! M?fl, pgJ!r;>:S'> hJf7 6<0±UI±pfflJB 
70 67 8«tfiitv^ 0 

[0 0 7 6] A777i72i Ltli, 4 >y'7i^t 

0 *JtK'Wfiiar-*«L7t I no. 3 Gao.?Nitt*C 

Tffir ja> l l e d 2 o t m«&mn t -r i z t § , m 

[0 0 7 7] ^HJfeffiUCtttJf, Oy'^m/^ 
•7 7-rS7 2 ?rtS:tt4£i(Ci S i««<0±(C^)» 

I4\ H7<OLED<Offe7tk'-^^S{±4 5 0 nmti 
•9, 8° ' W»WttSr*i--5l^>X3g«o#JSU»jhLT 
»3fc1*ft*»«L/Stt*, 1. 5*>T'7<^»JS*r»^ 

[0 0 7 8] (HJfe0lJ8) ^tC, $|§i?^8(Oafl 

[0 0 7 9] S8li, -*»9§O*-8OftJfc0fUft«&fc 
A LED OHf * *+«*IB "C* 

50 & 0 -f fcfr*., |B]iaiC7nL;tLED 8 0li N nlSSiS 
S8K01I:, I nGaNAy7Tl8 2, nfi^?? 
KS 8 3 ,= fgjfcig 8 4 , pS?5-; 8 5 ±5 «t I>* p M 

[0 0 8 0] 3p:*JS«niOLED 8 0 <0«tfflg^^#^0 
EI3 tCM LTI5iil:L/cLED3 0 tffiEB&lBl 

1 noC3 G ao.7NS-f v>to 

[0 0 8 1] *HJfeWi i5LED80 
40 b5j£ L/i L E D 7 0 tWiqit^o^:^ **iS0!l(C 

[0 0 8 2] (Hjfe«g 9 ) *|§BJ(7)» 9 <7)Hifefl| 

[0 0 8 3] H9li,'-*»?lio»9 0SltltWK«*a[^t 

7AMffl:L E D<OHffiB|gii£g-t|p&|g|Tab 
4 0 -f IslEHC^L^L ED 9 Oli, nIS ii 
^9 1<0±U, I nG aN^7 7ri9 2, nl?7-; 
K^9 3, 5§7fc<19 4, pM? 57 K« 9 SfcirjfpS 
50 h«96****«*3ftjfc««**1-4, Sfc 
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U, SiM91 (D&m U n ««£ 9 7 t>*tTM $ *U p 

V>So 

[0084] /«77Ti92t LTJ±, 4 >->*•? 

iftJt««6iT*ftLfcI no.3Gao.7Nitt^C 

LTf2LfcLED5 0 0»-frkUt«&B»t-r* Cl 

[0 0 8 5) J: SLED 9 0 U±5v»TI±, n 

9 7 t p1ffl&& 9 8 t WHOiSfitligifrTlfi: < , 

3 *rt*#*lf f.it4„ Ino.sGao.7NA 
•y 7 rS 9 2<7V*> K^r-V 7 7*1:1, S i fc.G a N b<D<p 

> K-7*, I"**?*. V-V's-yZMZ*^! nG aN 
ti, ^JfefflV»t>tLTV»7ty' > K-y©G ax A I 1-xN 
(OSxsSl) bitty-fit nl+t'JTiS^: 
t**Wbtt*„ *3(C I n G a NOJgSli. Ga> 
Ali-xN (0:Sx£l) (O&JIUJt^Tttfej^W.:*!) 
K, S i mK4 1 t G a NJt 4 3 *<OW]-C£-r43I*4r 

ma Lxi&ik&*mm iz&mi- * Sr-r s - 1 a«w 

[0 0 8 6] I n.Gai-.N/<y7Ti92<0'f 

>v^Aafxli v 0<iS 1 «5«H-cafi:*5ci-*i 
t**-C§, 0. 2s£x;S0. 3 OlEHtc^SC t^Mi 

1. lleV-e*>9, GaNI±3. 3 9 e V. InNIi 
1. 8 9eVf^.fcT, In»Gai-.N^777 
/lOW" >v*7A-|&j&x;4*0< xS 1 S i tG 

a N t Otf'Pa<0/'N*> K+'-v v yt^i-So »2C, > 
V ^aSz7)f*| VMS f , 5 5 y * l»jhoS*#*»*: # 
^* f , ISSM«L(iio *3l:in.Gai-»N/< 

[0 0 8 7] **tt«»cuv»rt, >->*'7A^-fAfi 
Ay7T^9 2£*&l7T^4*:iDt::, S i£1S9 1 (D± 

[0 0 8 8] ttz. *&mmiz&\,*xi±, m&itz*m 

LtznUWM9 7 b p$mM9 8 t OKT^Kmit* 

p « b 4r JBifti- * < 4 •) , Jf Jft 7* n -t 

X £ f8S«&ft1-a it^T?*, X 



(9) #F?S¥ 1 1 - 1 4 5 5 1 4 

[0 0 8 9] *»W*ORftO*6*, #*ifcW: <£ S L 
ED 9 014, %^&V:*-^?ftft<i4 5 0 nmf*^ 8° 

*fF«L fctt*» 1. 5 7>>T--9<0#St#SCt* f T- 

* fc. 

[0 0 9 0] £l±, *»MOJI4ISO?g®too»TAfl!« 
**SB L-?i®m L #SPJ3I4 - tLC PJISe £ ftS 6 

*t USiC^S i ^<Ott^«0*t#«rfflv>TS5o B pK 
OMlt*"'J 7 CI t #T-§ 5ii 

iC44...'W*.tfv«StSfflv»fe-JiT.*<:*7T-fT (A 1 

2 oa ) u-3v»T*»wtaffli-iiif,. n?^ 

■5>c itc, %<r>mz t, GaP> G a.A s , ^.t'^;u 

(M g A 1 2 O 4 ) ifOifiifflv>T, ^n°pST'J¥^ 
.ffi-fb #" 'J 7 A * ^ * * v + ^fiKS-f Sit 
^fHi.i t-4S 0 
20 [0 0 9 1] i/;, *r»Lfc*<WlTli, i: 
LT LED *«»c.*t»-f L/iTi*, *^liMft**'J 

[0 0 9 2] 

[0 0 9.3] t-f> *»W»cJ:tUf, ^>^>'7A^r-t•^ 

30 tztbiz, Bitff') 7 A*Jj£i»<Mi* 3 >JiJ.±<oBI 
IftcffiSLTt, *«*»Rofc»), fJvftfX-otz*) 
i t**4 < x ■&8>'&<vmtif>) WlWi^S 
i C^«^S i *«O±UScSELTJ0t«-*-4;r. t5&«T-# 
So i^Iftt LTIi, I n>G ai-»NA-; 7r| (0 
< x g 1 ) Oftgk 14, eiS50^< •> 7 r J! 0*m-Cifc S G 
axAli-xN (OSxSl) O^B^UJt^Tlicib^v^c 
&fabm.iW) 7A5fc#ig#Hfc<OF.5T-£-fSM 

* ^ tt« l t^ b b b 14 ^si^ u s ffij # ^ t * * <b t? 

k#x.f5iiS 0 ^^c, S i 3I«<0*#U»4, I nx 
40 G ai-»N^77i (OCxSl) Ofc^ftj^S i 
kGaxAli-xN (O^x^l) t <0^fH<Di&i^-ti> 

[0 0 9 4] ifc, *»M»cJ:ixtf > -f>v7A^ 
Tt'Ay 7T5iffili'SC t tC J: t), nffl^gSrS i CS 

: ?<0±T U^-il-fil n fHttfe t p «m® t * JKfife-t S i 

^oLEDoii tc, ±m^nmw&b piii 

50 StSr3B*i-4d2'»*^<*>9, *T-3B«7*n*^Sr« 
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B&itl-ZZ t* f -C#, j X***|»c«/h-J- * d 

[0 0 9 5] 2 <b U, *#^{; «t filf, S i Cg*£^ S 

•/n-b^^ffi •} tii* (c^* 0 -t&*>*>, 

S i (i, vmJLtmibr^X'*) 
10 0 9 6] $t>lc, *&VHz£iU£, S iClS^S 

i mm.±.i,zfm-f z>mtit>)<7 AM^fH 1 *, m- 

J V ~>v ?l:lit*iti { T'H 0 •! <0 <fc ■? i:LT> 
[0 0 9 7] *»WtJ:Mir, *n«03&K_LJC 

£ (i * KfijRf £ £ t VC # Z> X n \z & „ 
[0 0 9 8] S<blC **WUJ:ntfv ScflBftS i*tR 

[0099] £OJ:3K, *«W(=J:tulf, XAJtOtt 

±K£5eLTJ£;K1-S J: dKfc I}, 
'J 7 Hi#^f*4, 
[BUBOftJIl&KH] 

[Hi] *l§^co» i eftlfcflCffftftfttf-'J am 
£ SEi-W&lffHiH T** « o 

[bo.2] *ftm<r>m2<D^mm\z$kz>m.itirv 
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[09] *&h«>& 9 o*jft«(cflf4a^5(ry •> am 

[Hi o] si ca&Ko±uee*o*tti: j: »)ttffc3try 
^AM*#£^ B B B ^;«$*^^<7)«B&ffifM[ii-r* 

So 

[Hll] Si CM±i:WLfc*ifS?oiIi 

[121 1 2 ] v']3 >3fe««0±.(za£3feo^jSu <fc 19 a<b** 
•J ^AM^^^^el^ft^^-Tt^cOftWSllIT-* 
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